Premenopausal and postmenopausal breast cancers are considered different types. Thus, this study aimed to explore differences in risk factors, epidemiological features, clinicopathological features, and treatment modes of premenopausal breast cancer compared to postmenopausal patients in western China. This was a hospital-based, retrospective, multicenter epidemiological study of patients with breast cancer. Using the Western China Clinical Cooperation Group database, we obtained the records of 15,389 female breast cancers between January 2010 and April 2017. These patients were divided into premenopausal and postmenopausal groups, and their risk factors, epidemiological feature, clinicopathological features, and treatment modes were compared. Chi-square tests, t-test, and the multivariate logistic regression analysis were applied for statistical analysis. A total of 8395 patients were categorized as premenopausal, and 6994 patients were categorized as postmenopausal. Their risk factors, epidemiological features, clinicopathological features, and treatment modes were compared. Premenopausal patients with breast cancer had a greater tumor diameter at diagnosis (P = 0.008); higher rates of estrogen receptor (ER) expression (P < 0.0001), progesterone receptor (PR) expression (P < 0.0001), negative human epidermal growth factor receptor 2 (HER2) expression (P = 0.015), and negative P53 expression (P < 0.0001); and higher proportions of receiving breast-conserving surgery and breast reconstruction (P < 0.0001), chemotherapy (P < 0.0001), radiotherapy (P < 0.0001), and endocrine therapy (P < 0.0001). The ethnicity, age at menarche, marital status, number of pregnancies, and number of births were the risk factors for age at diagnosis of breast cancer before or after menopause in western China. We found that the fall in the fertility rate, early menarche age, married, and less breastfeeding might have increased the possibility of premenopausal breast cancer. Significant differences exist in the tumor size, hormone receptor state, HER2 expression, epidemiological features, and treatment modes between premenopausal and postmenopausal female breast cancer patients in western China. Its further implementation requires prospective clinical testing.
Introduction
Breast cancer is the most common cancer in women, and its incidence is increasing annually worldwide [1, 2] . Breast cancer is also a heterogeneous disease, divisible into various clinical subtypes, and the pathogenesis is not clear [3] . As early as the 1970s, De Waard proposed the concept that breast cancers develop by two distinct pathways, each with a different age-specific incidence rate curve [4, 5] . The first pathway results in mainly premenopausal tumors with peak occurrence early in life. The second pathway results in predominantly postmenopausal cancers with peak incidence later in life, similar to late-onset estrogen receptor(ER)-positive cancers.
In China, the data from both Shanghai and Beijing showed two breast cancer age peaks, one at 45-55 years and the other at 70-74 years [6] . The mean age at diagnosis of breast cancer in China is 45-55 years, which is considerably younger than that for western women, with 57.4% of women diagnosed before the age of 50 years and 62.9% of women diagnosed while still premenopausal; the peak incidence occurred after menopause in developed countries [7] . This result suggests the possibility that certain differences in the pathogenesis of breast cancer may exist between Chinese women and women in Western populations.
Few studies have investigated the risk factors that may influence the age at diagnosis of breast cancer. The difference in the clinicopathologic features and treatment modes between premenopausal and postmenopausal patients with breast cancer is not known. Some scholars have predicted that the incidence of hormone receptor-positive breast cancer is affected by the menopause transition [8, 9] . Nonetheless, and somewhat paradoxically, it has been reported that menopause significantly affects the incidence of ER-negative breast cancer but not that of ER-positive breast cancer [10, 11] . Presently, this issue is controversial.
Currently, no study has compared the difference between premenopausal and postmenopausal breast cancers in China. Therefore, the main objective of this study was to assess the epidemiological characteristics, clinicopathologic features, and treatment modes between premenopausal and postmenopausal breast cancers to make treatment decisions and improve patient prognoses, as well as to provide valuable insights into what may influence the age at diagnosis of breast cancer in western China.
Materials and Methods

Study design
The Western China Clinical Cooperation Group (WCCCG) was established in 2008 and includes 23 breast cancer centers in nine provinces in western China. A total of 18,000 patients with breast cancer are included in the database. Male patients and female patients without menopausal status and age at diagnosis were excluded from the study. In total, 15,389 patients with breast cancer who were diagnosed between 1 January 2009 and 30 April 2017 were included in the retrospective multicenter database analysis. Among them, 8395 patients (54.55%) were divided into premenopausal group, and 6994 patients (45.45%) were divided into postmenopausal group. This observational study was based entirely on data extracted from patient medical records and was approved by the ethics committee of each participating center.
Patients
The data for this study, including demographic data and tumor data, were extracted from the medical records of the patients included herein by trained data collectors at each center and were analyzed anonymously.
Data collection
Demographic data included information regarding the age at diagnosis, race, age at menarche, marital status, and number of pregnancies, number of births, breastfeeding history, and body mass index. Clinical characteristics consisted of tumor laterality, location in the breast, axillary and supraclavicular lymph node status, and size in cm. The tumors were classified according to initial disease symptoms and signs and whether there was distant metastasis in the body. The following pathologic characteristics were evaluated in the study: tumor histological types, axillary lymph node metastases, numbers of positive axillary lymph nodes, the presence of lymph vascular invasion, tumor grade, ER and PR status, HER2 and P53 expression, and Ki67 status. Data regarding treatments were also collected and included the chemotherapy regimens, radiotherapy regimens, anti-HER2 therapy regimens, endocrine therapy regimens, types of surgeries, and axillary lymph node dissection procedures.
Pathological grading and staging criteria
The tumor was graded according to the Bloom-Richardson classification (Nottingham grading) [12] . Staging of breast cancer size was performed according to the American Joint Committee on Cancer (AJCC) TNM staging system (from 1997 and 2002) [13] . All centers use the same criteria.
Statistical analyses
Statistical analyses were performed using the Statistical Package for the Social Sciences, version 22.0 (SPSS Inc.,
Comparison of pre-and postmenopausal breast cancer F. Feng et al.
Chicago, IL, USA). The differences in the demographic, clinical, and pathological characteristics and in treatments between the two groups were analyzed using Student's t-test in the case of quantitative variables and chi-square tests and Fisher's exact test in the case of categorical variables. Multivariate logistic regression analyses were performed to assess the associations between menopausal status and several variables, and odds ratios (ORs) were calculated based on 95% confidence intervals. Variables with univariate results of P < 0.05 were included in the multivariate model. All statistical tests were considered significant when P < 0.05.
Results
Comparison of the baseline characteristics
The comparison of the baseline characteristics of premenopausal and postmenopausal groups is summarized in Table 1 . The mean ages at diagnosis of the patients in premenopausal and postmenopausal groups were 42.8 and 58.2 years, respectively, and there was a difference in the distributions of the ages at which patients were diagnosed between the two groups (P < 0.0001). The proportion of patients of Han ethnicity was lower in premenopausal group than in postmenopausal group (94.69% vs. 96.61%, respectively, P < 0.0001). Most of the patients in the two groups experienced menarche at 13-14 years [n = 4396 (52.36%) and n = 3456 (49.41%), respectively]. Patients in premenopausal group were younger at the time of menarche (younger than 12 years) than patients in postmenopausal group. In addition, more patients in postmenopausal group experienced menarche at an age older than 15 years (P < 0.0001). We also observed differences in the marital status (P < 0.0001), number of pregnancies (P < 0.0001), number of births (P = 0.002), and breastfeeding history (P < 0.0001) between the two groups. The mean body mass indexes (BMI) of the patients in premenopausal and postmenopausal groups were 23.1 and 23.6, respectively. An analysis of BMI showed that premenopausal group included more patients who had a BMI <25.0 compared with that postmenopausal group [n = 3693 (43.99%) and n = 2825 (40.39%), respectively] (P < 0.0001). Table 2 shows significant differences in the occurrence of breast pain (8.33% vs. 9.75%, P = 0.002), nipple discharge (2.30% vs. 2.83%, P = 0.037), and nipple inversion (1.21% vs. 2.04%, P < 0.0001). Patients in postmenopausal group were more likely to have a positive axillary lymph node status (29.40% vs. 27.95%, P = 0.031) and supraclavicular lymph node status (5.85% vs. 4.93%, P = 0.007). However, no significant difference in the incidence of distant metastases was observed between the two groups (1.70% vs. 2.10%, P = 0.073). Regarding the tumor size, most patients in the two groups had a tumor size between 2 and 5 cm, whereas significantly more patients in premenopausal group had large tumors (8.1% vs. 7.55%, P = 0.008).
Comparison of clinical characteristics
Comparison of pathological characteristics
Pathological characteristics are displayed in Table 3 . Regarding ER, PR, human epidermal growth factor receptor-2 (HER-2), P53 status and Ki67, with which the patients receiving immunohistochemistry testing presented, we found that patients in premenopausal group were more likely to show positive expression of ER (59.14% vs. 54.86%, P < 0.0001) and PR (55.76% vs. 43.78%, P < 0.0001) than postmenopausal group. Premenopausal patients also had higher proportions of double-positive expression of ER and PR (i.e., ER+/PR+; 50.46% vs. 40.43%, P < 0.0001) and single-positive expression of PR (i.e., ER−/PR+; 5.28% vs. 3.33%, P < 0.0001). Conversely, patients in postmenopausal group presented with double-negative expression of ER and PR (i.e., ER−/PR−; 35.72% vs. 31.40%, P < 0.0001) and single-positive expression of ER (i.e., ER+/PR−; 14.20% vs. 8.29%, P < 0.0001) more frequently. Moreover, the proportion of patients with a positive HER2 status (14.46% vs. 13.48%, P = 0.015) and P53 status (29.47% vs. 25.63%, P < 0.0001) was higher in postmenopausal group. However, no significant difference in the incidence of triple-negative or Ki67 was observed between the two groups.
Comparison of treatment modes
We found that most patients received chemotherapy and that patients in premenopausal group received chemotherapy (85.06% vs. 75.72%, P < 0.0001), radiotherapy (20.31% vs. 13.14%, P < 0.0001), and endocrine therapy (29.77% vs. 22.79%, P < 0.0001) more frequently. Of the 15,389 patients included in the study, 14,521 patients underwent surgery. Patients in premenopausal group were more likely to undergo breast-conserving surgery, simple mastectomy, and breast reconstruction and were less likely to undergo modified radical mastectomy than patients in postmenopausal group (P < 0.0001). The comparison of the treatment characteristics between the two groups is presented in Table 4 .
Multivariate logistic regression analysis of premenopausal breast cancer-related risk factors among all breast cancer patients
Multivariate logistic regression analysis indicated following risk factors were related to premenopausal breast cancer:
Comparison of pre-and postmenopausal breast cancer ethnicity, age at menarche, marital status, number of pregnancies, and number of births. Compared with referent (Han; age at menarche ≤10; married; absence of a history of pregnancy and birth): (1) other ethnicities and number of pregnancy ≥1 were associated with elevated premenopausal breast cancer possibility (OR > 1, P < 0.05); (2) and increase in age at menarche, never married, widowed/divorced, and number of birth ≥1 were associated with decreased premenopausal breast cancer possibility (OR<1, P < 0.05) among all breast cancer patients. All the results of multivariate logistic regression analysis are listed in Table 5 . Comparison of pre-and postmenopausal breast cancer F. Feng et al.
Discussion
Overall, it is of great interest that a significant difference exists between premenopausal and postmenopausal female breast cancer patients and we found some factors that are associated with elevated or decreased premenopausal breast cancer possibility. The related research is rare.
Consistent with the results of other scholars in China [6, 14] , the median age at diagnosis was 49.6 years for all breast cancer patients in this study. The premenopausal patients accounted for 54.55% of the total breast cancer cases, the proportion was significantly higher than that of postmenopausal patients, and that differed from the corresponding proportion in a Western population [15] . This finding suggests the possibility that certain differences in the pathogenesis of breast cancer, considered to be related to ethnicity, age at menarche, marital status, number of pregnancies, number of births, and breastfeeding history [16] [17] [18] [19] , may exist between premenopausal and postmenopausal patients. Comparison of pre-and postmenopausal breast cancer F. Feng et al.
The onset of the premenopausal peak is considered related to a birth cohort effect, resulting from changes in the menstrual and reproductive patterns and other lifestyle changes [20, 21] . Further research results in our study supported this possibility. First, multivariate logistic regression analysis indicated that other ethnicities and number of pregnancy ≥1 were associated with elevated premenopausal breast cancer possibility (OR > 1, P < 0.05). We found a significantly higher proportion of the minority nationalities and times of pregnancy ≥1 in premenopausal women. It was reported that the incidence age of breast cancer of minority nationalities was earlier than that of the Han nationality [22] . Second, multivariate logistic regression analysis showed that increase in age at menarche, never married, widowed/divorced, and number of birth ≥1 were associated with decreased premenopausal breast cancer possibility (OR < 1, P < 0.05). We found that the age of postmenopausal women experienced menarche was older than that of premenopausal women in this study. Previous studies have suggested that early age at menarche is a risk factor leading to the advanced onset of breast cancer [16, 23, 24] . We also noted that a higher proportion of postmenopausal women had more than two births and a history of breastfeeding. A metaanalysis of 47 studies in 30 countries showed that breastfeeding could reduce the risk of breast cancer [25] . Bao concluded that increased numbers of births per woman were associated with a reduced risk of breast cancer for postmenopausal women [17] . We found the number of pregnancies was positively associated with risk of premenopausal breast cancer, but increased number of births decreased the risk of that. Because of the one-child policy and some other reasons, Chinese women may not to give a birth after pregnancy. Here come to a conclusion that only pregnancy but no childbirth might increase the risk of premenopausal breast cancer. We speculate that the fall in the fertility rate [26, 27] , early menarche age, the married and less breastfeeding might have increased the possibility of premenopausal breast cancer.
A Westernized lifestyle, particularly an increase in the obesity prevalence and physical inactivity in recent decades, is likely to affect the observed rise in breast cancer incidence [28, 29] . Obesity was considered a mechanism of breast cancer in postmenopausal women [30] . These results guide postmenopausal women to adjust their diet, strengthen exercises, and reduce the risk factors of breast cancer that can be controlled artificially.
Breast cancer is age-dependent, and it is widely accepted that young women tend to present with a greater tumor size that is more advanced and with poorer prognostic characteristics [31, 32] . We found that premenopausal women presented with a greater tumor size (more than 2 cm) than postmenopausal women in our study. The fact might imply there are also more aggressive breast cancers in Chinese premenopausal patients than in postmenopausal.
We further analyzed the difference in the pathological features between the two groups. The ER and PR status are important indicators to guide endocrine therapy in breast cancer. It is also an important factor affecting the prognosis of breast cancer [33, 34] . Wittliff studied the relationship between menopausal status and ER and reported that the positive expression of ER occurred at a rate of 45% in premenopausal women and at a rate of <63% in postmenopausal patients [35] . Anderson reported that ER-positive rates rose continuously irrespective of menopause [36] . However, we found the opposite. That is, the positive expression of ER occurred at a rate of 59% in premenopausal women and was higher than 55% in postmenopausal patients. We also found that postmenopausal patients had higher proportions of positive HER2 expression and positive P53 expression. Scholars have reported a negative correlation between the positive expression of ER and positive HER2 status [37, 38] . We obtained similar results. Those results are similar to that in another article from the same database [32] . Additionally, higher proportion of (ER+/PR+) in premenopausal patients and higher proportion of (ER−/PR−) in postmenopausal patients suggested that the distribution of hormone receptors in western Chinese women is different from that in foreign countries. The reasons for the difference in the expression of hormone receptor may be as follows: (1) the proportion of premenopausal and postmenopausal women with breast cancer in China is opposite of that in foreign countries [15] ; (2) the stimulation of different human populations and the external environment affect the expression of hormone receptor; and (3) pregnancy and childbirth lead to the fluctuation of estrogen and progesterone levels, which affect the expression of hormone receptor. The relationship between menopause and ER and PR remains controversial, and we need more large-scale studies to clarify their relationship.
Regarding treatment options, we compared the following five aspects between the two groups: surgery, chemotherapy, radiotherapy, endocrine therapy, and anti-HER2 therapy. First, we found that 94% of all patients underwent surgery. Regarding the choice of surgical approach, a higher proportion of premenopausal patients underwent advanced operation methods, such as breast-conserving surgery and breast reconstruction. A possible explanation was that younger patients have a greater desire to keep their original breasts and shapes and are more accepting of advanced operation methods compared to postmenopausal patients [39] . Second, we found that there are more premenopausal patients receiving chemotherapy. Chemotherapy is one of the most commonly used and most effective methods among adjuvant therapies for treating breast cancer. Premenopausal patients had a smaller average age, higher malignancy, and risk of recurrence of the tumors [32] , and it was reported that chemotherapy can significantly reduce the risk of relapse of high malignant breast cancer [34, 40] , so they could benefit more from chemotherapy. The discovery of more aggressive cancers found in premenopausal women is the fact that leads to more chemotherapy in this population. Third, we found that a higher proportion of premenopausal patients receiving radiotherapy, as radiotherapy is necessary after breast-conserving surgery, and that the proportion of premenopausal patients receiving breast-conserving surgery were higher. Additionally, adjuvant radiotherapy after surgery significantly reduces the local recurrence rate and increases the overall survival rate [41] . Similarly, the proportion of premenopausal patients receiving endocrine therapy was significantly higher than that of postmenopausal patients.
The increased use of endocrine therapy may be due to the fact that endocrine therapy is suitable for hormone receptor-positive breast cancer and significantly reduces the recurrence rate [42] , and the proportion of (ER+/ PR+) in premenopausal patients was significantly higher. Finally, this study showed that very few patients with a positive HER2 status accepted anti-HER2 therapy. The possible reason may be that the HER2 testing condition is deficient in local areas. Additionally, anti-HER2 therapy is not included in health care, indicating that it is a costly burden in western China.
Limitations
Our study had some limitations. First, all patients included were from nine provinces of western China; thus, the results may not be generalizable to all women in China. Second, data regarding some characteristics, such as HER2 status, BMI, breastfeeding history, tumor location, P53 status, and Ki67 status, were missing, which may have underpowered the study. Another limitation is that we failed to follow up the patients. As a result, we cannot analyze the relationship between prognosis and clinicopathologic features.
Conclusion
In this study, we found that the fall in the fertility rate, early menarche age, married, and less breastfeeding might have increased the possibility of premenopausal breast cancer. Significant differences exist in the tumor size, hormone receptor state, HER2 expression, epidemiological features, and treatment modes between premenopausal and postmenopausal female breast cancer patients in western China. The difference in breast cancer onset period remains to be investigated in the further studies.
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